ABSTRACT
A llergen-specific immunotherapy (IT) was introduced in 1911 by
Noon who was the first to report a successful application of grass pollen extract in patients with seasonal allergy. 1 Today, IT is considered to be the only disease-modifying treatment for allergic diseases such as allergic rhinoconjunctivitis and allergic asthma. It is highly effective in controlling allergy symptoms and reveals longterm clinical effects even years after cessation of IT. 2 Long-term clinical benefit of IT can be observed 6 and even 12 years after discontinuation of treatment. 3, 4 Furthermore, IT can modify the course of the allergy-allergen vaccination, decreases the risk of new sensitizations and the risk of asthma development in patients suffering from allergic rhinitis. 2, 5 IT with seasonal allergens may be performed with one of two regimens: preseasonal IT (PSIT) or perennial IT (PIT). PSIT is a periodical administration of a vaccine only before the pollen season. PIT consists of an induction phase with increasing dose, followed by a maintenance phase through the rest of the course of IT. As a result, in the first method, the patient undergoes an induction phase once every treatment year before the pollen season, and in the second method, only once in the 1st year of IT, continuing the maintenance phase up to the end of treatment. So far, it is unknown which of these two methods is more effective and safer because there has been no study directly comparing subcutaneous PIT and PSIT.
Therefore, this study was intended to evaluate the efficacy and safety of grass and rye pollen allergoid preparation in subcutaneous PSIT versus PIT in patients suffering from seasonal allergic rhinoconjunctivitis triggered by grass and rye pollens.
METHODS

Study Design
The study was planned as prospective, randomized, and double blind with two active arms: one arm being PSIT before the pollen season with subsequent placebo injections until next preseasonal phase, and the second arm being PIT during the 1st, 2nd and 3rd years of IT. The random assignment of subjects to groups at a ratio of 1:1 was performed externally by Allergopharma (the manufacturer of the study drug; Reinbeck, Germany). The personnel at the study site were blinded until all data-related queries had been resolved at the end of the study.
The study was performed from January 2003 to August 2006 and consisted of three phases: screening (January to April 2003), the baseline pollen season between May and July 2003, and 3 years of active treatment with subcutaneous IT (from 2004 to 2006 with efficacy data collected from May to July). The study flowchart is presented in Fig. 1 .
The study protocol was approved by the Medical University of Lodz Ethics Committee (RNN/124/02/KE) and the trial was conducted in accordance with Good Clinical Practice. The study was registered with Clinicaltrials.gov (registration number NCT01555736). The study was planned and self-funded by the investigator. The contribution of the pharmaceutical company (Allergopharma) and drug distributor (Nexter, Katowice, Poland) was limited to the supply of free study drugs and matched placebo, blinding procedures, providing pollen count data, and determination of specific immunoglobulin G4 (sIgG4) levels.
Study Group
The study group comprised 120 outpatients who had given their informed written consent. All were men and women aged 18-60 years suffering from allergic rhinoconjunctivitis triggered by grass and rye pollen. Inclusion criteria were 
Skin-Prick Tests
Skin-prick tests were performed with 12 common aeroallergens: Dermatophagoides pteronyssinus, Dermatophagoides farinae, grass, rye, birch, hazel, alder, mugwort, cat, dog, Alternaria tenuis, and Cladosporium herbarum (Allergopharma). Histamine at a concentration of 1.7 mg/mL (Allergopharma) and standard glycerosaline solution (Allergopharma) were used, respectively, as positive and negative controls. A wheal diameter of Ն3 mm was considered as a positive result of the test.
Study Drugs. IT was performed with the allergoid preparation Allergovit (Allergopharma), consisting of 80% grass pollen extract and 20% rye pollen extract. The vials contained 1000 therapeutic units (TU)/mL (vial A) and 10.000 TU/mL (vial B).
The placebo was blinded by using histamine dihydrochloride (0.125 mg/mL). The placebo and active drug were visually indistinguishable.
Patients used intranasal antihistamines, ␣-mimetics nasal spray, antihistamines and nedocromil eye drops, and oral antihistamines as the rescue medications during the pollen seasons. Antileukotrienes and nasal glucocorticosteroids were prohibited during the diary phase.
Immunotherapy
IT was started in February 2004. During the induction phase, the patients received four injections from vial A (0.1, 0.2, 0.4, and 0.8 mL) and three injections from vial B (0.15, 0.3, and 0.6 mL) at intervals from 1 to 2 weeks. After reaching the maintenance dose, patients in the PSIT arm received 0.6 mL of placebo at 4-to 6-week intervals, whereas patients in the PIT arm received 0.6 mL of allergoid vaccine at 4-to 6-week intervals. The induction phase was repeated in both groups in 2005 and 2006 starting in February. If necessary, because of clinical reasons and compliance, dosing and intervals between injections were modified by the physicians according to the manufacturer's recommendations. IT was performed in the outpatient clinic. All injections were subcutaneous in the upper side of the arm and were performed by nurses under the supervision of a physician after previous medical examination. Patients stayed in the clinic 30 minutes after the injections for safety reasons. The information about the adverse events was collected by physicians and nurses through the whole study and recorded in the patient documentation. Adverse events were classified according to the European Academy of Allergology and Clinical Immunology (EAACI) guidelines as local or systemic reactions (grades I, II, III, and IV). 6 
Evaluation of the Effectiveness of the Therapies
The primary end point was a difference between PIT and PSIT with regard to the area under curve (AUC) values of combined symptom medication score (SMS), calculated as a sum of rhinoconjunctivitis symptoms and use of rescue medications during subsequent seasons of IT. 7 Secondary end points were the frequency and type of adverse reactions during IT, as well as the differences from the baseline and between study groups in mean daily eye, nose, total rhinoconjunctivitis symptoms score and SMS, and in serum level of sIgG4. The data concerning symptoms of rhinoconjunctivitis and antiallergic medication consumption were collected using diaries during the pollen seasons.
The severity of symptoms in the diaries was scored as follows: 0 ϭ no symptoms, 1 ϭ mild symptoms, 2 ϭ moderate symptoms, and 3 ϭ severe symptoms separately for eyes (itching, tear flow, and redness) and nose (sneezing, running nose, and blockage). The drug intake was recorded using generic name and number of tablets, drops, or puffs. Medication usage was scored as follows: intranasal antihistamines or ␣-mimetics nasal spray, 0.5/puff; antihistamines or nedocromil eye drops, 0.5/drop; and oral antihistamines, 6 per 10 mg.
The level of grass pollen was monitored through the whole period of the study from the beginning of May to the end of July. The pollen concentration was assessed by a "Burkard Pollentrap" and the pollen species were identified microscopically. The data were received thanks to Allergopharma (Fig. 2) .
Specific IgG4
Blood samples for serum specimens were collected at the peak of each pollen season. The serum was stored at Ϫ20°C for further sIgG4 levels determination by Allergopharma.
Statistical Analysis
Data are analyzed using Statistica 9.1 (StatSoft, Tulusa, OK) with the Student's t-test for paired data and Wilcoxon test (comparisons within groups) and Student's t-test and Mann-Whitney U test (comparisons between groups) when appropriate. Normality of distribution was analyzed with the Shapiro-Wilk test. Frequencies were compared using the 2 or exact Fisher test, where appropriate. The SMS values were analyzed using one-way ANOVA. The percentage of difference in SMS values between PIT and PSIT was calculated as a difference in AUC: (PIT-PSIT)/PSIT ϫ 100. AUCs were calculated using GraphPad Prism 5 software (GraphPad Software, La Jolla, CA). 
RESULTS
Characteristic of the Study Population
The study groups did not differ significantly when compared in analysis per protocol or intention to treat. The demographic and clinical characteristic of the study groups is presented in Table 1 . None of the participants had previously undergone any IT course. Eleven patients in the PSIT group and 10 patients in the PIT group were withdrawn from the study after randomization. There were no discontinuations due to adverse reactions or lack of efficacy of IT. The reasons for dropouts were lost to follow-up (18 patients) and withdrawal of the consent (3 patients).
Combined SMS
The SMS did not differ significantly between PIT and PSIT groups at baseline (307.36 Ϯ 132.61 versus 316.76 Ϯ 117.27; p ϭ 0.58). Both treatments reduced SMS values compared with baseline beginning with the 1st year of IT (p Ͻ 0.0001). The reduction from the baseline SMS for PIT and PSIT was 39.77 and 40.84% in the 1st year, 59.37 and 45.49% in the 2nd year, and 72.56 and 55.76% in the 3rd year, respectively.
The differences in AUC of combined SMS during baseline and first season of IT were not clinically or statistically significant. During the 2nd season the difference was 27.9%, in favor of PIT (p ϭ 0.063). In the third season of IT the difference between PIT and PSIT reached 42.7% and became statistically significant (p ϭ 0.012; Fig. 3 ).
Cumulative Dose and Correlation with Improvement in SMS
The cumulative dose in the PIT group was significantly higher compared with the PSIT group (p Ͻ 0.001), and after the 3rd year of IT reached 157,656.5 Ϯ 26,028.74 TU (range, 112,300-214,800 TU). The cumulative dose in the PSIT group after 3rd year of IT averaged 66,704.00 Ϯ 13,858.00 TU (range, 37,500-84,000 TU).
The strong significant correlation between cumulative dose and improvement in SMS was detected in the 3rd year of IT (R ϭ 0.53; p Ͻ 0.001).
Mean Daily Nasal Symptoms Score
IT effectively reduced nasal symptoms in both study groups from the 1st year of IT: 40.3 and 41.5% reductions from the baseline in the PIT and the PSIT groups (p Ͻ 0.0001 for both analyses). The values reached a 73.7 and 53.4% decrease in the PIT and the PSIT group, respectively, in the in the 3rd year (p Ͻ 0.0001 for both analyses).
Mean daily nasal symptoms score did not differ between PIT an PSIT groups during baseline and first grass pollen season (1.32 Ϯ 0.69 versus 1.47 Ϯ 0.6; p ϭ 0.41, and 0.74 Ϯ 0.46 versus 0.78 Ϯ 0.36, p ϭ 0.78, respectively). However, during the second and third seasons, PIT was significantly more effective in ameliorating nasal symptoms (0.45 Ϯ 0.33 versus 0.68 Ϯ 0.32, p ϭ 0.01, and 0.27 Ϯ 0.15 versus 0.57 Ϯ 0.3, p Ͻ 0.001, respectively).
Eye Symptoms Score
IT effectively diminished eye symptoms in both study groups starting from the 1st year of treatment: 42.1 and 45.9% reduction from the baseline in the PIT and the PSIT group (p Ͻ 0.05 in both analyses). The value reached 76.7 and 62.5% of reduction in PIT and PSIT groups, respectively, in the 3rd year (p Ͻ 0.05 in both analyses).
The mean daily eye symptom score did not differ between PIT and PSIT groups at baseline ( 
Total Rhinoconjunctivitis Score
The total rhinoconjunctivitis score did not differ significantly between PIT and PSIT groups at baseline (2.37 Ϯ 1.36 versus 2.60 Ϯ 1.17, p ϭ 0.49). When the efficacy of IT was analyzed, a clinical improvement was seen in both study groups from the 1st year of IT and 42.05 and 44.91% of reduction in total rhinoconjunctivitis score from the baseline in PIT and PSIT, respectively (p Ͻ 0.0001 for both analyses). The efficacy reached a decrease in total rhinoconjunctivitis score of 76.42 and 57.11% in PIT and PSIT groups, respectively, in the 3rd year (p Ͻ 0.0001 for both analyses). PIT had a greater efficacy compared with PSIT in the 2nd (p ϭ 0.024) and 3rd (p ϭ 0.001) year of IT.
Medication Consumption
The mean daily medication use did not differ significantly between PIT and PSIT groups at baseline (0.98 Ϯ 0.39 versus 0.90 Ϯ 0.21; p ϭ 0.91). Both treatments reduced the need for antiallergic medications compared with baseline starting from the 1st year of IT (p Ͻ 0.05). The reductions for PIT and PSIT were 30.12 and 25.82% in the 1st year, 51.79 and 38.13% in the 2nd year, and 61.71 and 49.52% in the 3rd year from the baseline usage, respectively. The mean daily medication use did not differ significantly between PIT and PSIT groups during the first (0.65 Ϯ 0.37 versus 0.64 Ϯ 0.29, p ϭ 0.628, respectively) and second seasons (0.47 Ϯ 0.32 versus 0.55 Ϯ 0.32, p ϭ 0.381, respectively). However, a significant difference between the PIT and PSIT groups was observed in the third pollen season (0.24 Ϯ 0.13 versus 0.46 Ϯ 0.24, p ϭ 0.026, respectively).
Safety
During the whole period of the study, 5354 injections were performed, 2977 of them during induction phase.
All noted systemic adverse reactions were mild to moderate, grades I-II. The frequency and characteristics of adverse reactions are presented in Tables 2 and 3 .
Specific IgG4
The difference in the level of sIgG4 between study groups was not statistically significant at baseline. A significant increase in the levels of sIgG4 compared with baseline was observed in both groups from the 1st year of IT (p Ͻ 0.001 for subsequent seasons in both groups). The 2nd year of IT there was a trend toward more pronounced production of IgG4 in the PIT group; however, the differences did not reach statistical significance (Fig. 4) . 
D O N O T C O P Y
DISCUSSION
The results of the study show that the PIT with grass and rye pollen has significantly better clinical effect than PSIT, as measured by SMS, and that this effect is related to the total dose of vaccine during the whole period of IT. The EAACI underlines the requirement of such studies in a task force report on dose-response relationship in allergen-specific IT. 8 The main problem in the comparison of PIT and PSIT regimens was the procedure of blinding. The schema of the study is unique. In the preseasonal arm, the building-up phase alternates with the placebo phase, whereas in the perennial phase, the building-up and the maintenance phases alternate without a placebo phase. The repeating building-up phase in the further arm is somewhat artificial but it greatly simplifies the blinding procedure, without having a significant influence on the total dose of vaccine received by patients in the study. The adverse events were evaluated separately for building-up and maintenance phases, and it was concluded that the schema of the injections did not influence the safety results.
Both regimens of IT were clinically effective as shown by the reduction of allergic symptoms and usage of antiallergic medications beginning from the 1st year of the treatment. The reduction from baseline was statistically significant and Ͼ20% for severity of rhinoconjunctivitis symptoms as well as medication usage and SMS. The difference in clinical efficacy between regimens measured by SMS was seen in the 3rd year of IT and amounted to a 42.7% reduction of SMS in favor of the PIT group. The difference in improving symptoms appeared earlier, i.e., in the 2nd year of IT. Lower consumption of medications was seen in the 3rd year of IT. The reason for this result is probably the higher cumulative dose of allergen administered to patients from the PIT group. This is confirmed by the strong correlation between the decrease of SMS and cumulative dose of allergen in the 3rd year of IT.
Because there are no objective parameters of IT efficacy, the evaluation was based on the clinical assessment. The active treatment was preceded by baseline period to received datum point for further evaluation. The 9 Frew et al. have published a study comparing the effectiveness of two maintenance doses of allergen vaccine (Alutard; ALK, Horsholm, Denmark) containing 10.000 and 100.000 s.q. in the treatment of allergic rhinoconjunctivitis in patients allergic to grass pollen. 10 The results of this study show that a high maintenance dose is more effective in the reduction of both allergy symptoms and medication consumption, as well as in the improvement of quality of life. Furin et al. showed that antigen-induced eosinophil migration into the nasal cavity induced by nasal allergen challenge, as well as during pollen season, is significantly lower when the maintenance dose of allergen vaccine is 24 g compared with 2 g. 11 A similar phenomenon was shown in a study with venom IT: an increase in the dose from 100 to 200 g resulted in better efficacy. 12 Patients receiving higher maintenance doses of vaccine were found to have a lower level of serum sIgE for wasp venom and lower skin reactivity in intracutaneous test with this allergen.
The sIgG4 is a marker of allergen exposition and its level gradually increased in both groups over the course of IT. Despite the trend toward higher levels of IgG4 in the PIT group, the difference did not reach statistical significance in any year of IT. It is known from other studies that the levels of sIgG4 increase 10-100 times during IT but do not correlate with clinical effect. 13, 14 The safety of the medications is at least as important as their efficacy, especially in long-term therapy. There is always a risk of anaphylactic events over the course of IT because of administration of the allergen to sensitized individuals. 15 A greater number of injections and the administration of the allergen vaccines during the time of natural exposure during PIT may arouse concern regarding the increased frequency of adverse events. A number of studies showed that an increased dose leads to better efficacy but also more frequent adverse events. In the article mentioned previously by Frew et al. 10 the higher maintenance dose was shown to have better efficacy but also a higher incidence of both local and systemic adverse events. Similar to other reports, the adverse events occurred mainly during the induction phase. 16 In our study, the incidence of adverse events was approximately the same in both arms. Generally, the course of IT with grass and rye allergoid performed in both regimens was safe and well tolerated and there was no systemic grades III and IV adverse effects, according to the EAACI guidelines.
In conclusion, we found that PIT with allergoid preparation may be more effective than PSIT in ameliorating rhinoconjunctivitis symptoms, while maintaining a similar safety profile. 
